Reflectance spectra from 400 to 750 nm were measured in Lake Kinneret, when low phytoplankton stock prevailed, with chlorophyll concentrations from 3.1 to 7.3 pg/l. Algorithms for estimation of chlorophyll (CHL) concentration were devised using reflectances in the blue and green region of the spectrum and natural solar induced fluorescence. The fluorescence was calculated either from the reflectance height above a baseline drawn between 650 and 715 nm or between 670 and 730 nm, and also from the sum of reflectance above the base line through 670 and 730 nm. This paper presents experimental evidence showing that fluorescence can be successfully used as indicator of CHL content.
INTRODUCTION

Considerable
effort has been expended on phytoplankton studies in Lake Kinneret.
The chlorophyll-a concentration in the lake ranges between 2 and more than 200 pg/l, with the highest values when a thick bloom of the dinoflagellate Peridinium cratunense occurs.
The spatial distribution of Peridinium sp. is highly irregular, thus leading to the formation of patches. The horizontal variability increases from about 1:4 at the beginning to more than 1:20 at the end of the bloom.
The most reasonable way to estimate the spatial and temporal distribution of phytoplankton in the lake would be the use of remote sensing technique. However, lack of data on specific inherent optical properties of water constituents in the lake, spectral features of radiance, as well as phytoplankton hampered the application of remote sensing technology to lakes. In this paper we present several algorithms used to estimate CHL from radiometric measurements acquired on board ship as a first step in using remote sensing technology to estimate chlorophyll concentrations in Lake Kinneret. This study was conducted when chlorophyll concentration was exceedingly low and with homogeneous horizontal distribution.
METHODS
Twenty locations were sampled on the 26th and 27th of October 1992, in the northern part of the lake, where water depth ranged between 8 m and 43 m.
Reflectance spectra were measured above and below water surface with a portable LI-1800 spectrometer from 400 to 750 nm. The instrument measured the upwelling radiance above the water surface and (indirectly) the downwelling radiance with the aid of a reflectance standard white plate. Radiance measurements were taken using telescope with FOV=15O. The spectra of downwelling radiance were determined after each measurement of upwelling radiance.
Each observed radiance spectrum of water was divided by the appropriate downwelling radiance spectrum to give a reflectance spectrum. Water was taken with a 5 L Aberg-Rodhe sampler 0.0 to 0.5 m below surface. CHL content was measured fluorometrically.
Surface CHL concentrations can be deduced from reflectance spectra either by using the green to blue reflectance ratio as a measure of chlorophyll-a absorption near 440 nm.141, or by using the fluorescence line height (FLH) at 685 nm above a linear base line that intersects the reflectance spectrum at 
pw1.
These algorithms avoid to a certain degree the problems of variation in peak position and shape. Both models (3) and ( 4 ) accounted not only for CHL fluorescence, but also for the CHL absorption at 670 nm, and allowed enhancemerit of sensitivity of the measurements.
In order to assess fluorescence efficiency of CHL, radiances were calculated according to the optical properties of water, yellow substance, suspended matter and the absorption spectrum of CHL [2, 5] . The fluorescence peak is centered around 685 nm, with a Gaussian distribution [6] . A good agreement was found between the measured and calculated radiance spectra yielding fluorescence efficiency of 0.7%.
We also observed higher amount of FLH at 685 nm for small phytoplankton cells (nanoplankton content of more than 70 %) than in samples having the same pigment concentration but containing < 60% nanoplankton. Possibly this is due to higher quantum yield of fluorescence for small particles [7] . In addition, small particles scatter more light such that a greater amount of energy leaves the water [3] . This effect is strongly controlled by the real part of the complex refractive index, which should be smaller for larger particles [3, 5] .
CONCLUSIONS
The results presented in the paper principally address inland waters and the diverse and highly variable biooptical properties that exist there. These findings serve to complement and expand the previous Case I and Case 11 waters findings [l-41.
The fluorescence line height at 690 nm above the base line through 670 and 730 nm and a sum of reflectance above the base line were shown to be directly proportional to chlorophyll concentrations in near surface lake water. An accuracy of CHL estimation of about 0.5 pg/l can be achieved.
Even though the fluorescence intensity was low in comparison with the reflectance in the blue-green region, we found it to be adequate for a quantitative measurement of chlorophyll-a concentration at least as low as 3 pg/l (the lowest value observed in these measurements).
Our data provide new evidence that naturally induced fluorescence can be a very sensitive and powerful tool for the estimation of CHL concentrations in near surface waters of lakes, reservoirs, and estuaries with a background of variable and relatively high suspended matter concentration.
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